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0929-6646/Copyright ª 2014, ElsevierBackground/Purpose: This study aims to investigate what kinds of food products were contam-
inated by phthalates, mainly di-(2-ethylhexyl)phthalate (DEHP) and/or di-isononyl phthalate
(DINP), during the 2011 phthalates incident in Taiwan, and whether the DEHP and/or DINP con-
centrations of some affected foods decreased after this incident.
Methods: During MayeOctober, 2011, 2731 food items were sent by individual citizens or com-
panies to a government-accredited laboratory for the analyses of six main phthalate chemi-
cals, including DEHP, DINP, di-isodecyl phthalate, di(n-octyl)phthalate, di-n-butyl phthalate,
and butyl benzyl phthalate. A concentration of 1 ppm for any of the six phthalate chemicals
in the foods studied was defined as positive.
Results: The overall positive rate was 16.2%. The positive rate of possibly affected foods was
similar between sanctioned and non-sanctioned foods categorized as “Others” by the govern-
ment (16.0% vs. 16.4%). There were 33 food items, most of which belonged to the Others cate-
gory, sent twice by companies on different dates. Of these, the positive rates of affected foods
significantly decreased from 39.4% for DEHP and 72.7% for DINP at the first analyses to 3.0% for
DEHP and 9.1% for DINP at the second, respectively (p < 0.0001).have no conflicts of interest relevant to this article.
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Finding of 2731 affected foods in the 2011 phthalates incident 601Conclusion: Besides the government-sanctioned foods, foods from the Others category were
still affected by phthalate contamination. Thus, vigilant scrutiny of food safety in modern life
is necessary.
Copyright ª 2014, Elsevier Taiwan LLC & Formosan Medical Association. All rights reserved.Introduction
Between April and July, 2011, a major incident of
phthalate-contaminated foodstuffs occurred in Taiwan.
Phthalates, mainly di-(2-ethylhexyl)phthalate (DEHP) and/
or di-isononyl phthalate (DINP), were deliberately added to
foodstuffs as a substitute emulsifier. The Taiwan govern-
ment officially announced that five major food categories,
including sports drinks, fruit beverages, tea drinks, fruit,
jam or jelly, and health foods or supplements in tablet or
powder form, were contaminated with these two chem-
icals. Like the scandal of melamine-tainted infant formula
in 2008, this event represented another major deliberate
food contamination incident. A few studies, including ours,
have described the course of this incident, the govern-
ment’s response and management of the crisis, and its
future implications.1e4
DEHP or DINP are commonly added to plastics such as
polyvinyl chloride for increased flexibility. They are well
known to disrupt endocrine function and adversely affect
sex and thyroid hormones, reproductive function, and
neurodevelopment.5e7
During this food safety crisis in May, 2011, the Taiwan
government promulgated that any food products belonging
to these five major food categories be removed from store
shelves, and also required that all manufacturers using
clouding agents in foods from the five categories, and their
suppliers, submit their products for analysis to prove that
they contained <1 ppm of any one of six main phthalate
chemicals, including DEHP, DINP, di-isodecyl phthalate
(DIDP), di(n-octyl)phthalate (DNOP), di-n-butyl phthalate
(DBP), or butyl benzyl phthalate (BBP), to validate
phthalate-free food products.2,3 The Taiwan government
also requested the Taiwan Food and Drugs Administration
(TFDA) to post the highest concentrations of DEHP or DINP
in affected foods in order to stop people from consuming
these heavily affected items. In the meantime, local gov-
ernments, such as the Kaohsiung Bureau of Health,
encouraged the city’s residents to bring food products that
they suspected of containing phthalates to be analyzed.
During this incident, we cooperated with the Kaohsiung
Bureau of Health and were able to obtain the analytical
results of 1884 suspected affected food items and compare
their findings with those from the TFDA in our previous
study.3
Since too many affected food items were awaiting the
analysis of phthalates in Taiwan during this scandal, the
Taiwan government also provided another list of 24
accredited laboratories island-wide to analyze plasticizers
in food additives.3 The Center of Super Micro Mass Research
and Technology (CSSM) at Cheng-Shiu University (CSU) in
Kaohsiung City was one of the accredited laboratories used
to check the food safety for the Taiwan government. Duringthis outbreak, the CSSM analyzed a variety of food items
from different sources. Thus, we were able to investigate
the following questions. (1) Besides the five major food
categories contaminated by DEHP or/and DINP promulgated
by the government, what other foodstuffs were potentially
affected by phthalates? (2) If the same food items were
sent to these three agencies, i.e., CSSM, TFDA, and the
Bureau of Health, Kaohsiung City, for analysis, did any
differences exist between the phthalate concentrations in
the same food items? (3) If the same food items were sent
to CSSM for analysis at different times, what were their
analytical results? By answering these questions, we could
provide evidence-based information to the government and
the people about the consequences of this phthalates
incident and learn how to prevent future similar outbreaks.Methods
Sources of phthalate-tainted foodstuffs
After the official approval of the TFDA accreditation, the
CSSM started to receive a variety of foodstuffs from indi-
vidual citizens and companies. According to the guidelines
of the TFDA, the received foodstuffs were classified into
five major categories, including: (1) sports drinks; (2) fruit
beverages; (3) tea drinks; (4) fruit/jam/nectar/jelly; and
(5) healthy food/supplements, which were categorized as
sanctioned.3 For those food items unable to be classified
into sanctioned categories, we classified them as an addi-
tional category called Others. The analytical results from
the CSSM were compared to the information from the TFDA
and the Kaohsiung Bureau of Health, described previously.3
Analysis of phthalates in foodstuffs
Following the instructions of the TFDA, six main phthalate
chemicals, including DEHP, DINP, DIDP, DNOP, DBP, and BBP,
were simultaneously analyzed in all of the received food-
stuffs.3 The analytical method used was similar to that of
the TFDA and the Kaohsiung Bureau of Health, and has been
described previously.3 In brief, 1 g of food sample was ho-
mogenized with methanol, sonicated for 30 minutes, and
then cooled to room temperature. After standing for
several minutes, the upper solution was transferred to a
centrifuge tube and centrifuged at 3500 rpm for 10 mi-
nutes. The supernatant was analyzed by liquid chroma-
tography/tandem mass spectrometry (LC-MS/MS) using an
Agilent 1200 HPLC (Agilent Technologies, Palo Alto, CA,
USA) coupled with Agilent 6410 Triple Quad mass spec-
trometry (Agilent Technologies) in a positive mode using an
electrospray ionization source operated in multiple reac-
tion monitoring mode. Separation was performed using a
602 C.-F. Wu et al.SUPELCO Discovery C18 column (5 cm  2.1 mm, 3 mm,
Sigma-Aldrich, Bellefonte, PA, USA) with a mobile phase of
5 mM ammonium acetate in methanol (1:9, v/v).
Statistical analysis
The number and frequency of food items in the sanctioned
and Others categories were described. The concentration
of any of the six phthalate chemicals in the studied food
1 ppm was defined as positive. Since more than half of the
received food items belonged to the Others category, we
further sub-grouped them and reported the frequency of
positive food items based on their product types.
Because some of same food items were analyzed by the
TFDA, the Kaohsiung Bureau of Health, and the CSSM, we
further compared their analytical results for DEHP and
DINP. For the same food items sent to the CSSM twice on
different dates for analysis, we reported them as positive
or negative based on their DEHP or DINP concentrations and
compared them by McNemar statistics. The data were
analyzed using the SAS version 9.2 (SAS Institute Inc., Cary,
NC, USA); all p values were two-sided and p < 0.05 was
taken to be significant.
Results
Between May 30 and October 25, 2011, 2731 food items
were received by the CSSM; the overall positive rate was
16.3% (Table 1). Among them, 212 (16.0%) of 1321 were
found to be positive in the sanctioned categories, whereas
234 (16.6%) of 1410 were positive in the Others category,
which was not significantly different (c2 Z 0.150; df Z 1;
p Z 0.699). Within the sanctioned categories, the highest
concentrations of DEHP (1014.4 ppm) and DINP (417.0 ppm)
in affected foods were present in the health food/supple-
ments category. Surprisingly, in the Others category, the
highest concentrations of DEHP and DINP in affected foods
also reached up to 1125.0 ppm and 735.5 ppm, respectively
(Table 1). These two affected food items were found in an
ice cream from a sugar corporation and in banana oil from a
food company, respectively. For the rest of the fourTable 1 The characteristics of positive phthalate-tainted foods
Category No. of
items
No. of items
positive (%)a
Ranges of phth
DEHP D
Sanctioned 1321 212 (16.0) 1.6e1014.4 2
1. Sports drinks d d d d
2. Fruit beverages 49 3 (6.1) 3.2 2
3. Tea drinks 44 3 (6.8) 16.3, 239.5 N
4. Fruit jam/nectar/jelly 110 25 (22.7) 1.9e406.4 1
5. Health food/supplements 1118 181 (16.1) 1.6e1014.4 2
Others 1410 234 (16.6) 1.6e1125.0 3
Total 2731 446 (16.3)
BBP Z butyl benzyl phthalate; CSSM Z Super Micro Mass Research a
phthalate; DEHP Z di-(2-ethylhexyl)phthalate; DIDP Z di-isodecyl
phthalate.
a Foods were defined as positively contaminated if they had a conc
b Negative indicates that the concentration of all six phthalates inphthalate chemicals, the concentrations in affected foods
were relatively low in both the sanctioned categories and
the Others category, except the concentration of DIDP in
several food items was relatively high. Ninety-five (3.5%)
and 2636 (96.5%) of 2731 foodstuffs were received from
people and companies, respectively; the positive rates
showed no significant differences (15.8% vs. 16.3%;
p Z 0.900, data not shown).
Categorized by different concentrations of DEHP or
DINP, we found that most of the food items had DEHP or
DINP concentrations ranging between 1 and 30 ppm (Tables
S1 and S2). The concentrations of DEHP or DINP in some
food items in the categories of health food/supplements
and Others exceeded 100 ppm.
Among the Others category, the three most received
food subgroups were cake, seasoning, and ice cream (Table
2). However, the top three positive rates belonged to ice
cream (23.9%), cake (23.1%), and cooking oil (21.2%).
When comparing a variety of food items received by the
TFDA, the Kaohsiung Bureau of Health, and the CSSM, we
found that only three of them were the same and all
belonged to health food/supplements (Table 3). These
three items were contaminated by DEHP and/or DINP,
initially reported by the TFDA on its website on May 25,
2011. One of them had very high concentrations of DEHP
(527 ppm) and DINP (w8713 ppm). Subsequently, between
May 30 and June 01, 2011, the results from the Kaohsiung
Bureau of Health found that the concentrations of that
particular item had decreased to w100 ppm for DEHP and
<1 ppm for DINP (Table 3). Between June 03 and July 07,
2011, the concentrations of DEHP and DINP in all of the
three tainted foods were <1 ppm according to the analyses
by the CSSM.
In addition to these three same food items analyzed by
three different institutes, there were another 33 food items
sent by companies twice, on different dates, to the CSSM
for analysis. These food items included five from the
healthy food/supplements category and the other 28 from
the Others category, such as bread, toast, butter, pine-
apple cake, scallion pancake, chili sauce, etc. We found
that 13 (39.4%) and 24 (72.7%) food items were found to be
positive for DEHP and DINP, respectively, on the first datetuffs from the CSSM.
alate concentrations among positively affected foods (ppm)b
IDP DINP DNOP DBP BBP
.0e81.1 1.5e417.0 3.3e4.4 8.8 Negative
d d d d
.1, 81.1 Negativeb Negative Negative Negative
egative Negative Negative 8.8 Negative
5.0 25.5e39.4 Negative Negative Negative
.0e9.3 1.5e417.0 3.3e4.4 Negative Negative
.1e207.2 1.6e733.5 5.1e9.7 2.6e56.3 Negative
nd Technology Center, Cheng-Shiu University; DBP Z di-n-butyl
phthalate; DINP Z di-isononyl phthalate; DNOP Z di(n-octyl)
entration of 1 ppm of any of six phthalates.
the food was <1 ppm.
Table 2 The characteristics of positive phthalate-tainted foodstuffs in the Others category from the CSSM.
Category Name of main items No. of items No. of items
positive (%)a
1. Cake Bread, biscuits, pineapple, cake 489 113 (23.1)
2. Seasoning Fruit-flavored powder, soy sauce 337 29 (8.6)
3. Ice cream Popsicles, ice cream, etc. 180 43 (23.9)
4. Frozen food Meatballs, dumplings and other processed foods 96 18 (18.7)
5. Body care products Skin care products, toiletries, mask, etc. 84 8 (9.5)
6. Cooking oil Salad oil, olive oil 66 14 (21.2)
7. Alcoholic beverages Fruit wine, sorghum, etc. 28 1 (3.5)
8. Water Tap water, drinking water, ice, etc. 28 0
9. Drugs Oral ointment, herbal balm 10 2 (20.0)
10. Unclassifiedb d 92 6 (6.5)
Total 1410 234 (16.6)
BBP Z butyl benzyl phthalate; CSSM Z Super Micro Mass Research and Technology Center, Cheng-Shiu University; DBP Z di-n-butyl
phthalate; DEHP Z di-(2-ethylhexyl)phthalate; DIDP Z di-isodecyl phthalate; DINP Z di-isononyl phthalate; DNOP Z di(n-octyl)
phthalate.
a Foods were defined as positively contaminated if they had a concentration of 1 ppm of any of six phthalates.
b Unclassified indicates unknown content of received food items.
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positive food items decreased to one (3.0%) for DEHP and
three (9.1%) for DINP, which was significantly different
(McNemar test, c2Z 12.0, p < 0.0001 for DEHP; c2Z 21.0,
p < 0.0001 for DINP).
Discussion
This study further confirmed that sanctioned food cate-
gories, including sports drinks, fruit beverages, tea drinks,
fruit, jam or jelly, and health food/supplements, were
mainly contaminated by two phthalate chemicals, DEHP
and/or DINP, during the 2011 phthalates incident. However,
we found that food items not belonging to the sanctioned
food categories still had the potential to be contaminated
by phthalates, and the concentrations of DEHP or DINP in a
few affected foods from the Others category could exceed
100 ppm. For example, one ice cream product from a sugar
corporation was found to have 1125 ppm DEHP. Ice cream is
popularly consumed by children, juveniles and/or adoles-
cents. If a child weighs 20 kg and eats one scoop of iceTable 3 Three same food items analyzed by the TFDA, the Kao
No. TFDA Kaohsiung
DEHP
(ppm)
DINP
(ppm)
DEHP
(ppm)
1 527.0
(2011/05/25)
w8713.0 98.8/125
(2011/05/30, 2011
2 Positivec
(2011/05/25)
d 13.7
(2011/05/30)
3 Positive
(2011/05/25)
d 49.6
(2011/05/31)
CSSM Z Super Micro Mass Research and Technology Center, Cheng-
isononyl phthalate; TFDA Z Taiwan Food and Drug Administration.
a All food products belonged to the category of health food/supple
b TFDA did not provide the actual concentrations of DEHP on its we
c Positive indicates 1 ppm; Negative indicates <1 ppm; d indicatcream (100 g) containing 1125 ppm DEHP once a week, the
DEHP exposure will be 0.80 mg/kg body weight/day, which
exceeds the tolerable daily intake of the Environmental
Protection Agency at 0.02 mg/kg body weight/day) and that
of European Food Safety Authority at 0.05 mg/kg body
weight/day).8,9
Although on May 31, 2011, the Taiwan government
required all manufacturers using clouding agents in the five
major food categories, and their suppliers, to submit their
products for analysis to prove that their products had
<1 ppm of the six phthalates (DEHP, DIDP, DNOP DINP, DBP,
and BBP), and to prevent people from exposure to their
hazards, this requirement was not applied to the Others
category. We understood that, during the period of the
emergency crisis, the implementation of a policy focusing
on the control of the five major food categories was enough
to cover most of the affected foods. However, when the
scandal wound down, food items other than those in the
five major food categories needed to be considered for
potential contamination of phthalates in order to promote
the highest standard of food safety.hsiung Bureau of Health, and the CSSM on different dates.a,b
Bureau of Health CSSM
DINP
(ppm)
DEHP
(ppm)
DINP
(ppm)
/06/01)
Negative Negative
(2011/07/07)
Negative
Negative Negative
(2011/06/03)
Negative
Negative Negative
(2011/06/09)
Negative
Shiu University; DEHP Z di-(2-ethylhexyl)phthalate; DINP Z di-
ments.
bsite.
es no information.
Table 4 The concentrations of DEHP and DINP received by the CSSM on the first and second dates.a
No. Food items Categoryb Dates of the first and second
analyses
DEHP (ppm) DINP (ppm)
First Second First Second
1 Chocolate ice cream powder 6 2011/05/30, 2011/06/02 15.4 Negative 5.7 Negative
2 Vanilla ice cream powder 6 2011/05/30, 2011/06/02 Negative Negative 2.3 Negative
3 Spirulina 5 2011/05/30, 2011/06/14 12.0 Negative 1.6 Negative
4 Chili sauce 6 2011/06/01, 2011/06/07 Negative Negative 280.2 Negative
5 Sweet bean sauce 6 2011/06/01, 2011/06/07 Negative Negative 132.5 Negative
6 Ginseng olive powder 5 2011/06/03, 2011/06/17 2.5 Negative Negative Negative
7 Malt sugar 6 2011/06/03, 2011/06/10 6.3 Negative Negative Negative
8 Gratinated garlic bread with cream 6 2011/06/15, 2011/06/28 Negative Negative 5.9 Negative
9 Egg yolk bread with cream 6 2011/06/08, 2011/06/15 2.8 Negative Negative Negative
10 Almond cookie 6 2011/06/07, 2011/06/13 Negative Negative 27.7 10.9
11 Oat germ chip 6 2011/06/07, 2011/06/13 Negative Negative 3.5 Negative
12 Peanut corn chip 6 2011/06/07, 2011/06/13 Negative Negative 21.7 Negative
13 Hog dog 6 2011/06/07, 2011/06/13 Negative Negative 8.3 Negative
14 White toast 6 2011/06/07, 2011/06/13 Negative Negative 4.7 Negative
15 Bread bomb 6 2011/06/07, 2011/06/13 6.2 Negative Negative Negative
16 Whitening night cream 6 2011/06/07, 2011/06/17 11.9 20.9 Negative Negative
17 Sweet cream butter 6 2011/06/07, 2011/06/16 30.4 Negative 9.2 Negative
18 Fried baked scallion pancake 6 2011/06/20, 2011/06/26 Negative Negative 3.5 Negative
19 Tear-and-eat scallion pancake 6 2011/06/20, 2011/06/26 Negative Negative 4.7 Negative
20 Tear-and-eat pumpkin pancake 6 2011/06/20, 2011/08/08 Negative Negative 6.7 Negative
21 Tear-and-eat sweet potato pancake 6 2011/07/26, 2011/08/08 Negative Negative 8.1 Negative
22 Onion scallion cakes 6 2011/06.20, 2011/06/26 Negative Negative 4.6 Negative
23 Pineapple cake 1 6 2011/06/15, 2011/06/28 Negative Negative 10.4 Negative
24 Hot spicy sauce 6 2011/07/01, 2011/07/04 Negative Negative 672.8 Negative
25 Nano pearl powder 5 2011/06/15, 2011/06/17 6.6 Negative Negative Negative
26 Pineapple cake 2 6 2011/06/17, 2011/07/12 Negative Negative 6.1 9.9
27 Coffee pineapple cake 6 2011/06/17, 2011/07/13 Negative Negative 6.7 67.0
28 Hydrophilic pearl powder 5 2011/06/14, 2011/06/20 12.4 Negative Negative Negative
29 Analgesic balm 6 2011/06/15, 2011/06/20 13.8 Negative Negative Negative
30 Benne almond cakes 6 2011/06/09, 2011/06/20 4.3 Negative Negative Negative
31 Square cookies 6 2011/06/09, 2011/06/20 Negative Negative 5.8 Negative
32 Pumpkin cookies 6 2011/06/09, 2011/06/20 Negative Negative 6.9 Negative
33 Calcium supplement 5 2011/06/22, 2011/07/05 7.4 Negative 147.6 Negative
CSSMZ Super Micro Mass Research and Technology Center, Cheng-Shiu University; DEHPZ di-(2-ethylhexyl)phthalate; DINPZ di-isononyl
phthalate.
a Negative indicates that the concentration of the six phthalates was <1 ppm in food.
b Category 5 indicates health food/supplements; category 6 indicates others.
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was between 1 and 30 ppm in most of the affected food
items. Many studies have shown that when foods were
packaged in plastic materials that were directly in contact
with the food products, the concentrations of phthalates
migrating from the plastic materials could contaminate the
food products to w0.07e0.29 ppm; paper and board
packaging to w12.5e21.0 ppm; and aluminum foilepaper
laminates to w11.9 ppm.10 During the manufacturing of
food products, if PVC tubing was used, the contaminated
concentrations of phthalates reached up to 30e40 ppm,
but very few of them exceeded 100 ppm.10 Thus, in this
incident, the difficulty of distinguishing the contaminated
concentrations of foodstuffs at 1e30 ppm was due either
to intentional addition or accidental contamination during
the food processing. However, for the high DEHP- or DINP-
contaminated foods with concentrations >100 ppm,
deliberate addition was much more likely during this
incident.We found that most of the positive affected foods sent
by companies on the first date tested as negative the sec-
ond time. The majority of food items did not belong to the
sanctioned food categories, suggesting the manufacturers
in Taiwan made a greater effort to improve their food
safety and to minimize the contamination of phthalates by
external sources.
Some limitations and strengths were present in this
study. One limitation was a lack of information about the
production date of the food items analyzed by the CSSM and
whether the ingredients of the affected foods were
changed by companies due to confidential reasons. Another
limitation was that we were unable to elucidate what exact
reason caused the decreased concentrations of the
affected foods presented in Tables 3 and 4. The mandatory
policy implemented by the government for the decline of
affected foods may be one explanation. The study’s
strength is that it was, to our knowledge, the first such
study to describe detailed information about phthalate-
Finding of 2731 affected foods in the 2011 phthalates incident 605tainted foods in both sanctioned and nonsanctioned food
categories during this food scandal. Recently, a paper
published by Yang11 used 28 affected food products for
which DEHP levels were reported by the TFDA official
website to estimate the average daily intake for women,
particularly pregnant women.11 Their findings plus ours are
helpful to scientists and policy makers in calculating the
potential impact of this incident on human health, espe-
cially in susceptible populations such as children.
Like the previous melamine incident in 2008 in China,
this phthalates incident has damaged the image of food
safety in Taiwan throughout the international community.
During this study, we found that food items not belonging
to the sanctioned food categories promulgated by the
Taiwan government during the phthalates incident require
attention concerning their potential contamination with
phthalates. Despite this incident being over, a continuous
and vigilant scrutiny of food safety in modern life is
required.
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